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Weulte of ccmvective,mnlinear RR LyraeKC&k are presenti. The standard

rnixiq lengththexy has ~ used with tim ~ce being intmxhmed throughthe

axvective veloci~ phase lag technique. TurbulentpressureW turbulentviscmi ty

axe also included. F&sultsare cmpard with thoseof other tim depemknt convecticm

theor:es.

IriTRoDucI’IoN

- of the lmgerixq pc~lms in stellarpulsationthmry is thatof time

dependentcmwectiono Mheuwmr the time scale for convection,definedas the amount

of time mceeea.ry for a mwective sMy to travel me mkina lemth, is of the sane

order as the pulsationthe, considerationmust be giver.to the finiteamountof time

mceseary for the adjusbmnt of cmvection to charqirqmmiitions. Sweral att~ts

have been nude rmtly to inmrprate tim dependencein nonlinearatellarmxlels.

I’kupree(1979)used a * dimneional simulatdon of convecticmto investiqatsthe

red edge of tk RR Lyrae instability~trip @ found that convectiondoes irxbed

suppresspulsationat about ttM riqht Lmation in the HR diagram. A 2D ayproachis,

hcwever,incompatiblewith existing ID nonlhar @cation *5. Stellmqwerf (1982)

P~s~ a 1 D -~, nonlml, t.h dependentLavectkn tl.eorybased on a phase

laqgi~ of the convective velmity. His approachwas then ued to inveatiqate

mvaral featuresof the RR Lyrae instabilitystrip, incLd.rq red and blue edqes

(1984a). He also described,in detail,effectsof time depemknt convectionon n

mdel (InM312.5) locatd in the canter of the fundarrentaltie instabiLit’/sr.rip

(1984b,c). Very recantly,w papers have been publiahd that considerthe ef!I?ctof

tim dependentmnvmtion on une mm mdels in an ,\tb3qX to under9Gmd mre clearly



tk relationship be- wiri~

s~lxf, 1986) .

omvective paramters ard pulsation (Pesnt?ll,1985;

mummNs

In the presentstudy, dfications are made to the s~d til~ length theoq

(FM3kmWitmse,1958)to mco~rate h demce througha convectivevelociti’

ptie lag. It is h- that tis s~~l~fl~ approa~ W1lL yield re~otile resulrs.

The convectivevelocityof a zone at & s- n has h tifi~ by setting

+~ (v -v
‘n’vn-1 0 n-l)

where

T=At*n/k

At is the time step, 2 is the mixing lenqth,and V. representsthe ins@.ntaneOuS

convectivevelocitydetennird fran loca1 cotitia’is.

Nonlocaleffacts have al.soken in~~ra~ by @ghtinq the axrent convective

pre\-iou9h step,
i i-1 i+l
‘nqi- lvn-l+ai+lvn-1

+(l-ai-l-ai+l)v~

where th ~ightirq factorfor zo~ k is given by

~= (1-lrk-ril/t)/.3

with rk kaing M radiusof zone k.

Other contributionsdue to the

form of turbulentpressure,mrgy,

effect of wnvxtion have been includd in the

and vismsity.

RESULTS

w 60 zones nrdels were calmlated, both with an initialfundamentaltie

velccityof 20 hn/s. W ftistwas rodel 2.5 of Stellingwerf(1984b) with L=63 L,l,

hO.578 M,a, Teff=6500K, E
%

=1.5, and (Y,Z)=(0.299~0,001). The initialmcxielwas

integratedirmvardto 18 of the radiusus~ 14% of the mass. In the staticmdel

~ convection zmes exist, one in the hydrcgenionizationrcsqioncar’qinq971 of

the total fhx and one in the helim, ionizationr-ion carLyinq2% of the total

flux. The linearfu.rdamntal nde perial is 0.812 d and the gnwth rate is 0.0926.

After the initial perturbationthe ndel’s anplitud~qr- rapidlyover approxi-

nuitely50 cycles to a lhnitinq~litude of 75 km/9 and 1.2 rraqnitudes.Eaxinq the

{jrcwthto limitinqamplitudethe strenqthof the mnvect.ionzones stead.ily decreased

with the hydrcqenionizationr~ion carry- a mxhm ~f 18% of the flux shortly

before tnidm.nnradius. The fiqu.resahcw both the variationti absolutebolczmtric

nwgn.ittieati the ratioof mxinnunmnvective Lti nosity to totil Luminosityfor a

typicalpericd at Lhn.itinqanplitude. Winun radius omu.rs at approximatelyI.4x10’i

9437. and mkbmm radiusoccurs at 5. lx104 sect It is interestingto note that

stellinqwerf\1984b)fimisa nearly saturatedconvectiveflux at approximateIy the



samephase da is f- here. Not suxprisirqly,his limitinganplitudeis signifi-

amtly less than in the current st~y. * also firdsa prminent dip in the risbq

branchof his lightcume tit is not presentin our calculations.
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This ndel was also testd for stab~l~ty againstother ties at limitinq

anplitudeusinq Stellincpmrf’s(1974)p9ricdicsolution mtbd. It was Loud that

mm of tb over~~ wre @satiomlly unetile as wuld be expcted for an ~-bject

in the cmter of the fundamental* instiility strip.

~ secondrrodalstudialhere is a mnvective versionof a tiel of IIodsonand

Co% (1982)lcca@d in the reqionof the double nrd~ RR Lyrae variables. ‘ltiisnrxkl



has L=59 LO, M=O.65 Me, Teff=7000 K, @Ip=l.5, ad (Y,2)=(0.29Y,u.u(IL).11= =QU+

-1 ‘,- integratedto 8% of the radi~~using 6% of the mass, ‘he ltiear fundamental

mxle wri.od is 0.544 d with a growth rate of 0,0094;the period ratioof the first

mertone to the f~tal tie is 0.744. Due to the smallergrcwth ratecud

hlited CC1’@U+L@ ~, thiS KC&l ~Uld not & foll~ long ~~h to det~ne if

the hiqherovertonespresentin theinitialpxturbation would damp out. HcWever,it

does appe~ that a limiting~lit~fie of appro~~].y 40 kM/S m be expected. It

w f- that ~ similarp~~nq of ~~.e~m=tim flu As- ~W~ *MS mxiel and

the pIRVIWS case even ~ough only 4% of the to-l flux is ev~ carriedby convection.

This mall amunt dces seem to be sufficientto give a siwlk.r amplitudethan the

52 knu’s&tained in the purely ratiative mdel of Hdson W COX.

tCt3NCUSIONS

The resultsobtaiti here for a ~fied version of the stamda.rdnixing length

theorydo S- to give reasonableresultsfor the mdels cakulated. ApparentLy d?e

presenceof pulsation Len& to decreasethe mnvective flw.,with mximm <lux

occurringduring the ccxrpressionphase, just at ~ tirewhen the radiativeflux is

at a.’mmunum, thus limitingthe fir~la~l.itude. Work still rmzu.nsto determineif

muqh danpinqwill exist *t.stq pu.katicmcompletelyat the red eiqe of the

instabilitystrip.
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